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Abstract—Satellite distribution of high data rate needs wide 
frequency band. The millimeter waves, in particular the W-
band, provide wide bandwidth and relatively low attenuation. 
The link transmission power can be provided only by 
Traveling Wave Tubes (TWTs). A new meander line topology 
to be used as slow wave structure for 71-76 GHz TWTs, with 
improved performance in comparison to the conventional one, 
is proposed. The new meander line compared to a standard 
meander line shows flatter gain and higher output power.  
Keywords—Traveling wave tube, Slow wave structure, 
Meander line, W-band 
I. INTRODUCTION 
 The allocated W-band (71-76 GHz) for satellite downlink 
aims to provide a suitable transmission window for high data 
transfer rate [1]. The wideband transmission power for the 
link can be only provided by TWTs. The traditional use of 
helix-type slow wave structures is not realizable at high 
frequencies due to manufacturing limitations. Different 
topologies of slow wave structures must be found [2, 3]. 
Meander lines have been studied in detail as slow wave 
structures for traveling wave tubes due to their favourable 
properties. This sort of structures is simple to fabricate using 
microfabrication techniques, with easy assembly and suitable 
for large scale production [4]. Moreover, meander structures 
are potentially capable of working with lower operation 
voltage as well as higher interaction impedance while 
providing similar performance as three-dimensional full 
metal structures [5, 6]. 
However, a remarkable drawback of meander lines is the 
narrow region of synchronism between the electromagnetic 
wave and the electron beam which limits the effective 
bandwidth. This issue is greatly influenced by the shape of 
the metal line and can also be moderately controlled 
modifying the dimensions of the metal strip as well as the 
size of the substrate where the metal line is placed. In this 
paper, a new meander line topology is studied aiming to 
improve the gain and output power flatness of this kind of 
structures.  
The new structure was previously analysed and compared 
with a standard meander line of exactly the same dimensions 
by means of cold simulations. It was found that the 
dispersion slope of the new meander line was reduced by 
32% while the interaction impedance was increased by 6% in 
comparison with the standard line [7]. Now, in this work, 
both structures are compared for large signal simulations 
obtaining results for the gain and output power within the 
frequency range of interest. 
II. RESULTS 
The proposed new topology and the standard meander 
line are designed using the same dimensions as shown in Fig. 
1. The copper line, assumed with reduced conductivity  = 
2.25x107 S/m to account for the metal loss at W-band [8], is 
placed on top of an alumina substrate with relative 
permittivity r = 9.9. Both the cold and hot simulations have 
been performed using CST Microwave Studio [9]. 
The dispersion curves of the new and standard meander lines 
are compared in Fig. 2. The dispersion of the standard line 
presents a more pronounced slope than the one of the new 
line, so it is to be expected that the new meander will be 
benefited from a flatter gain and output power within the 71-
76 GHz range. In order to approximately obtain the 
operational voltage that will be used for the large signal 
simulations, different beam lines are plotted along the 
dispersion curves. The 4.4 kV beam line is the one that better 
matches the dispersion relation of the new meander so that 
the maximum output is centered within the frequency range 
of interest. As the standard structure presents a different 
dispersion curve, the suitable beam line for that structure has 
also a different value. For this case, the selected voltage is 
3.2 kV as shown in Fig. 2. 
  
Fig. 1. Shape of the standard and new meander lines as well as the 
dimensions of both structures. The metal strips are designed with length l, 
thickness t and width w. The period of the structure is denoted with p. 
 
Fig. 2. Dispersion curve for the new (black curve) and standard (blue 
curve) meander lines as well as their corresponding beam lines of 4.4 kV 
(red line) and 3.2 kV (green line). 
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Once the beam voltage has been determined, the large signal 
performance of the new structure can be analysed. The new 
meander and the standard line are compared using the same 
hot parameters.  
A cylindrical electron beam with a radius of 80 µm is placed 
at a distance of 25 µm from the metal strip. The current of 
the electron beam is 50 mA, equivalent to a current density 
of 250 A/cm2. A radiofrequency signal with 4 mW input 
power is introduced into the structure by the input ports. The 
waveguides and the meander line are connected following an 
E-field probe coupling transition [8], which was shown to 
provide adequate transmission and low losses when applied 
to the new meander line [7]. Finally, a magnetic field of 0.6 
T is selected to focus the electron beam. The only difference 
between both simulations is the value of the voltage as 
shown in Fig. 2. 
In order to analyse the large signal performance of the 
structure, both the gain and output power of the new 
meander are compared with the results for the standard line. 
The gain for both structures within the 71-76 GHz frequency 
range is represented in Fig. 3. The new design presents a 
lower variation between the different points in the curve. 
Moreover, the gain for the standard line drops dramatically 
as the frequency approaches the edges of the band. The 
maximum gain for the new design is 23.8 dB, a higher value 
in comparison with 22.8 dB of the standard line. 
Similarly, Fig. 4 shows the comparison of the output power 
between both structures within the bandwidth of interest. The 
output power presents a smaller variation among the 
different frequencies for the case of the new meander line. 
The maximum output power of the new topology is 1 W, an 
increased value compared to the 0.8 W that the standard line 
provides. 
The low levels of output power can be explained considering 
the low input power and current used for the simulations. 
Moreover, only a single section is analysed. The complete 
structure can be designed to have two or more sections in 
order to increase the gain and meet the requirements of 
traveling wave tubes for space applications. 
  
Fig. 3. Gain of the new (black line) and standard (blue line) meanders 
from 71 to 76 GHz.  
 
Fig. 4. Output power of the new (black line) and standard (blue line) 
meanders from 71 to 76 GHz. 
III. CONCLUSION 
 A new meander line topology has been proposed to 
improve the gain and output power flatness of this kind of 
slow wave structures. Cold results revealed a gentler 
dispersion curve and higher interaction impedance in 
comparison with the standard meander line shape. These 
results have been transferred to the large signal analysis of 
the structure showing that the new design offers flatter gain 
and higher output power within the 71-76 GHz frequency 
range. Further work will be focus on improving the output 
power and gain of the structure.  
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